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TITLE OF THE INVENTION 
IMAGE FORMING APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This is a Continuation Application of PCT 
5 Application No. PCT/ JP02/00890, filed February 4, 2002, 

which was not published under PCT Article 21(2) in 
English. 

This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
10 Application No. 2001-029835, filed February 6, 2001, 

the entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

15 The present invention relates to an image forming 

apparatus . 

2. Description of the Related Art 

A high-speed image forming apparatus capable of 
simultaneously forming images of a plurality of lines 

20 by one-time scan by arranging a plurality of recording 

heads in substantially the same direction as a nozzle 
arranging direction such that overlapped regions are 
formed between the heads is conventionally known. In 
addition, various methods of improving image forming 

25 apparatuses of this type have been proposed. For 

example, Jpn. Pat. Appln. KOKAI Publication No. 5-57965 
discloses an image forming apparatus which eliminates 
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density unevenness in the head overlapped regions . 

Unf ortunately, the conventional techniques 
including Jpn. Pat. Appln. KOKAI Publication 
No. 5-57965 described above have the problem that 
5 highly accurate head alignment is necessary. 

BRIEF SUMMARY OF THE INVENTION 
It is an object of the present invention to 
provide an image forming apparatus capable of 
eliminating density unevenness in the head overlapped 
10 regions only by rough head alignment. 

An image forming apparatus according to the first 
invention comprises a recording head unit in which a 
plurality of recording heads are arranged in substan- 
tially the same direction as the arranging direction of 
15 recording elements such that an overlapped region is 

formed between the heads , a detector which detects a 
width of the overlapped region of each of the plurality 
of recording heads from a predetermined test chart 
printed using the recording head unit, and an image 
20 data distributor which distributes image data input to 

each of the a plurality of recording heads, in 
accordance with the detected width of the overlapped 
region between the heads. 

An image forming apparatus according to the second 
25 invention comprises a recording head unit in which a 

plurality of recording heads are arranged in substan- 
tially the same direction as the arranging direction of 



recording elements such that an overlapped region is 
formed between the heads, a detector which detects a 
set angle of each of the plurality of recording heads 
from a predetermined test chart printed using the 
recording head unit, and a driving timing correction 
unit which, when driving the recording elements of each 
of the plurality of recording heads, corrects the 
driving timing of each recording element in accordance 
with the detected set angle. 

An image forming apparatus according to the third 
invention comprises a recording head unit in which a 
plurality of recording heads are arranged in substan- 
tially the same direction as the arranging direction of 
recording elements such that an overlapped region is 
formed between the heads, a detector which detects a 
set angle and a width of the overlapped region of each 
of the plurality of recording heads from a predeter- 
mined test chart printed using the recording head unit, 
an image data distributor which distributes image data 
input to each of the plurality of recording heads, in 
accordance with the detected width of the overlapped 
region between the heads, and a driving timing 
correction unit which, when driving the recording 
elements of each of the plurality of recording heads in 
accordance with the distributed image data, corrects 
the driving timing of each recording element in 
accordance with the detected set angle. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a view showing an outline of a recording 
head unit including a plurality of recording heads to 
which the present invention is applied; 

FIG. 2 is a view for explaining printing of test 
charts used in this embodiment; 

FIG. 3 is a block diagram showing the arrangement 
of an image forming apparatus according to this 
embodiment ; 

FIG. 4 is a flow chart of a line image 
determination process performed by a line image 
determinator 12; 

FIGS . 5A to 5C are views for explaining an image 
distribution process performed by an image data 
distributor 15; and 

FIG. 6 is a view showing an example in which the 
image forming apparatus of this embodiment is applied 
to a high-speed recording apparatus capable of color 
printing. 

DETAILED DESCRIPTION OF THE INVENTION 
An embodiment of the present invention will be 
described in detail below with reference to the 
accompanying drawing. FIG. 1 is a view showing an 
outline of a recording head unit including a plurality 
of recording heads of an inkjet printer to which the 
present invention is applied. As shown in FIG. 1, a 
plurality of recording heads 2-1, 2-2,..., 2-n are 



- 5 - 



10 



15 



20 



25 



arranged on a base 1 in substantially the same 
direction as the arranging direction of nozzles 

(recording elements; 2-11, 2 - 12 2 _, (- _ ^ ^ 

2-lm for the recording head 2-1, for discharging 
Printing ink so as to have predetermined overlapped 
regions 3A and 3B between the heads, thereby forming 
one recording head unit. Reference numera! 4 denotes a 
recording width. A recording head unit having this 
arrangement records one page on a recording medium by 
performing scan at least once. 

FIG. 2 is a view for explaining printing of test 
charts used in this embodiment, m thls e „*odiment, 

Printing four times by using the recording heads 2-1, 

2 " 2 ^ "lively. By reading and analyzing 

the test charts 5-1, 5-2 „„h 6 

i. 5 2, and 5-n, the set angles of 

the recording heads 2-1, 2-2 2 - n and the ^ q£ 

the overlapped regions 3A and 3B can be detected. The 
detected set angles and overlapped region widths are 
stored as correction data, when printing is actually 
performed using the recording heads 2-1, 2-2, 2 n 

the discharge timings of the nozzles of the recording' 
heads 2-1, 2-2 o ^ 

2 ' n are corrected in accordance 

with the set angle data, and input image data to the 

recording heads 2-1, 2-2 2 -n is distributed in 

accordance with the overlapped region widths. 

TO. 3 is a block diagram showing the arrangement 
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of an ima ge forming apparatus according to this 

emb ° diment - Prl ° r t0 « *<*ual printing process, test 
charts as explained with reference to FIG . 2 are formed 
by driving the recording heads 2-1, 2-2 2 -n on the 

5 basis of test chart data 14 T h Q * 

uaca 14. The formed test charts 

and the set angles and overlapped region widths of the 

recording heads 2-1, 2-2 o „ 

' ^ 2-n are detected by a set 

angle/overlapped region detector 20. The detected set 
10 angles and overlapped region widths are stored as 

correction data in a correction data storage 17. 

A message display (notification unit, 18 displays 
a message which demands head replacement or adjustment 
rf the detected set angle or overlapped region width 

15 exceeds an allowable ranae T f Q „ 

.range. if even one of the 

recording heads 2-1, 2-2 9 „ • 

<• * 2-n is replaced or 

adjusted, a new test chart is printed, and the set 
angles and overlapped region widths of the recording 
heads 2-1, 2-2 9 ^ 

2 ~ n a " dieted again by using the 

20 printed test chart. 

In an actual printing process, an image data 
processor 10 performs image processing, e.g., converts 
input RGB image data into CMYK image data. A line 
i-age determinator 12 determines, for each overlapped 
» region width, whether image data in the overlapped 

region is a line image by using the overlapped region 
"idth data stored in the correction data storage 17 



The determination result is stored in a determination 
result storage 11. Image data subjected to the 
determination by the line image determinator 12 is 
binarized by a binarizer 13, and input to an image data 
distributor 15. The image data distributor 15 
distributes the input image data on the basis of the 
line image information stored in the determination 
result storage 11 and the overlapped region width data 
stored in the correction data storage 17. This image 
data distribution process will be described later. 

The image data thus distributed on the basis of 
the overlapped regions is supplied to a discharge 
timing correction unit (driving timing correction unit) 
16. The discharge timing correction unit 16 corrects 
the discharge timings of the nozzles of the recording 
heads 2-1, 2-2,..., 2-n on the basis of the set angle 
data stored in the correction data storage 17. The 
recording heads 2-1, 2-2,..., 2-n print an image by 
discharging ink from the nozzles at the corrected 
discharge timings in accordance with the input image 
data. 

FIG. 4 is a flow chart of the line image 
determination process in the line image determinator 
12. First, the line image determinator 12 determines 
whether input image data has an overlapped region (step 
SI) . If NO in step SI, the line image determinator 12 
terminates the line image determination process by 
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doing nothing (step S5, . if YES in step SI, the line 
image determinates 12 extracts an input image 
corresponding to the overlapped region (step S2) . 
Then, the line image determinator 12 extracts features 
of the extracted image data and determines whether the 
image data is a line image in accordance with a known 

method (step S3). The r^nu «-u ^ 

' ine resu lt of the determination of 

whether the image data i «? a n no j 

dye aata is a line image is stored in the 

determination result si-nr=r, 0 1 1 • 

xesuit storage 11 in accordance with 

the overlapped region (steD S4) f i 

y ifLep . The flow then returns 

to step SI to determine whether there is another 
overlapped region. if there is another overlapped 
region, the line image determinator 12 performs the 
processing from step S2. if there is no more 
overlapped region, the line image determinator 12 
completes the line image determination process. 

FIGS. 5A to 5C are views for explaining the image 
distribution process in the image data distributor 15. 
As shown in FIG. 5A, if p rint ing is directly performed 
by using the recording heads 2-1 and 2-2 having some 
overlapped nozzles, printed images are overlapped in 
the overlapped region 3A by ink discharged from the 
overlapped nozzles. To avoid this overlapped printing, 
as shown in FIG. 5B, image data is so distributed that 
complementary printing is performed in the overlapped 
region 3A by alternately driving the recording heads 
2-1 and 2-2. When image data is a natural image, the 
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overlapped region 3A is beautifully printed. However, 
if image data is found to be a line image, the image 
printed by complementary printing cannot be linear (the 
image is zigzagged) , so no clear line image can be 
5 printed (FIG. 5B) . 

If image data is a line image in the overlapped 
region 3A, therefore, this image data is so distributed 
that the nozzles of only one of the recording heads 2-1 
and 2-2 are driven, thereby performing no complementary 

10 printing. FIG. 5C shows an example of an image printed 

by driving only the recording head 2-2 in the 
overlapped region 3A. In this way, a clear line image 
can be printed in the overlapped region 3A. 

FIG. 6 is a view showing an example in which the 

15 image forming apparatus of this embodiment is applied 

to a high-speed recording apparatus capable of color 
printing. Reference numerals 100-1 and 100-2 denote 
paper feed rollers; and 101, a head fixing device in 
which recording heads 102-1, 102-2, and 102-3 for cyan 

20 (C), recording heads 103-1, 103-2, and 103-3 for 

magenta (M) , recording heads for yellow (Y) , and 
recording heads 104-1, 104-2, and 104-3 for black (K) 
are so arranged as to have overlapped regions between 
the heads . 

25 In the above embodiment, the set angles and the 

widths of overlapped regions of a plurality of 
recording heads are detected from test patterns printed 
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» advance. In actual prlntl ^ ^ ^ 

distributed on the basis of the detected overlapped 
region widths, and the discharge ^ ^ 

corrected on the basis of the detected set angles 
Therefore, density unevenness in the head overlapped 
regions can be eliminated only by ro Ug h head aliment 

As has been described in detail above, the present 
invention comprises a recording head unit in which a 
Plurality o, recording heads are arranged in substan- 

tially the same direction fk rt 

rection as the arranging direction of 

recording elements such that an overlapped region is 
wormed between the heads, a detector which prints a 
Predetermined test chart by using the recording head 
unit, and detects the width of the overlapped region 
of each of the plurality of recording heads from 
the printed test chart, and an image data distributor 
which distributes image data input to each of the 
Plurality of recording heads, in accordance with the 
detected width of the overlapped region between the 



heads . 



Also, the present invention comprises a recording 

head unit in which a polity of recording heads are 

arranged in substantially the same rii> 0 ,f 

x une barne direction as the 

arranging direction of recording elements such that an 
overlapped region is formed between the heads, a 
detector which prints a predetermined test chart by 
usrng the recording head unit, and detects the set 



angle of each of the plurality of recording heads from 
the printed test chart, and a driving timing correction 
unit which, when driving the recording elements of each 
of the plurality of recording heads, corrects the 
driving timing of each recording element in accordance 
with the detected set angle. 

Furthermore, the present invention comprises a 
recording head unit in which a plurality of recording 
heads are arranged in substantially the same direction 
as the arranging direction of recording elements such 
that an overlapped region is formed between the heads, 
a detector which prints a predetermined test chart by 
using the recording head unit, and detects the set 
angle and the width of the overlapped region of each of 
the plurality of recording heads from the printed test 
chart, an image data distributor which distributes 
image data input to each of the plurality of recording 
heads, in accordance with the detected width of the 
overlapped region between the heads, and a driving 
timing correction unit which, when driving the 
recording elements of each of the plurality of 
recording heads in accordance with the distributed 
image data, corrects the driving timing of each 

recording element in accordance with the detected set 
angle. 

With the above arrangements, an image forming 
apparatus capable of eliminating density unevenness in 



the head overlapped regions only by rough head 
alignment can be provided. 



